Key indicators: single-crystal X-ray study; T = 93 K; mean (C-C) = 0.003 Å; R factor = 0.035; wR factor = 0.091; data-to-parameter ratio = 10.5. Refinement R[F 2 > 2(F 2 )] = 0.035 wR(F 2 ) = 0.091 S = 0.92 3824 reflections 365 parameters 3 restraints H-atom parameters constrained Á max = 0.28 e Å À3 Á min = À0.18 e Å À3
The crystal structure of the title compound, C 34 H 54 N 2 O 4 , has been solved in order to prove the relative and absolute chirality of the newly-formed stereocentres which were established using an asymmetric Diels-Alder reaction at an earlier stage in the synthesis. This unprecedented stable dialdimine contains a 14-membered ring and was obtained as the minor diastereoisomer in the Diels-Alder reaction. The absolute stereochemistry of the stereocentres of the acetal functionality was known to be R based on the use of a chiral (R)-trisubstituted dienophile derived from enantiopure (S)glyceraldehyde. The assignment of the configuration in the dienophile and the title di-aldimine differs from (S)-glyceraldehyde due to a change in the priority order of the substituents. The crystal structure establishes the presence of six stereocentres all attributed to be R. The 14-membered ring contains two aldimine bonds [C-N = 1.258 (2) and 1.259 (2) Å ]. It adopts a similar conformation to that proposed for trans-trans-cyclotetradeca-1,8-dienes.
Related literature
For related structures, see: Allmann (1974) ; Dale (1966) . For background to the spirolide family, see: Gill et al. (2003) ; Gué ret & Brimble (2010); Hu et al. (1995 Hu et al. ( , 2001 . For the applications of Danishefsky's diene, see: Asano et al. (2006) ; Danishefsky et al. (1990) ; Petrzilka & Grayson (1981) .
Experimental
Crystal data C 34 H 54 N 2 O 4 M r = 554.80 Triclinic, P1 a = 6.8710 (1) Å b = 10.1701 (2) Å c = 11.7947 (2) Å = 79.143 (1) = 88.043 (1) = 83.855 (1) V = 804.71 (2) Å 3 Z = 1 Mo K radiation = 0.07 mm À1 T = 93 K 0.36 Â 0.19 Â 0.1 mm
Data collection
Siemens SMART CCD diffractometer 19146 measured reflections 3824 independent reflections 3555 reflections with I > 2(I) R int = 0.042 (1R,6R,13R,18R)-(Z,Z)-1,18-Bis[(4R)-2,2-dimethyl-1,3-dioxolan-4-yl]-3, 16-dimethylene-8,20diazadispiro[5.6.5 .6]tetracosa-7,19-diene S. M. Guéret, P. D. W. Boyd and M. A. Brimble
Comment
The title spiro-di-aldimine was obtained as part of a synthetic program directed towards the synthesis of the spiroimine unit of the spirolides AD. This family of marine toxins were isolated from the digestive glands of contaminated mussels, scallops and toxic plankton from the East coast of Nova Scotia in Canada and are considered as fast-acting toxins (Hu et al., 1995; Hu et al., 2001; Gill et al., 2003; Guéret & Brimble, 2010) . The work demonstrates a new method to access an enantiopure spiro-di-aldimine and an enantiopure bicyclic ketimine in good overall yield. The synthesis of the spiroimine is a synthetic challenge and to date the synthesis of the 7,6-spiroimine moiety of the spirolides has not been achieved. By reaction of a chiral (R)-trisubstituted dienophile derived from (S)-glyceraldehyde with Danishefsky's diene (Asano et al., 2006; Danishefsky et al., 1990; Petrzilka & Grayson, 1981) , the resultant Diels-Alder adducts were afforded as a mixture of 3 diastereoisomers in a 5:2:1 ratio. The undesired minor diastereoisomer was used to develop the synthetic route to the desired spiroaldimine. The Diels-Alder adduct was converted to the spiroimine precursor in several steps. Reaction of this advanced azido-aldehyde intermediate with triphenylphosphine surprisingly afforded the stable title dimer instead of the expected 7,6-bicyclic aldimine. The stability of the title dimer is unexpected compared to the known instability of aldimines in general.
Given that the stereochemistry at C26 and C32 is known to be R (based on using enantiopure (S)-glyceraldehyde as the starting material), the absolute configuration at C1, C6, C13 and C20 has therefore also been assigned as R. The assignment of configuration of the trisubstituted dienophile and the title di-aldimine differs from the starting (S)-glyceraldehyde due to a change in the priority order of substituents.
The molecular structure, Fig. 1 , indicates that the acetal unit and the imine part adopt an axial position in both cyclohexane rings. The 14-membered ring contains two aldimine bonds(C14-N15 1.258 (2),C7-N8 1.259 (2)). It adopts a similar conformation to that proposed for trans-trans cyclotetradeca-1,8-dienes (Dale, 1966) except for an alternate conformation for C17, C18 and C19. A 14-membered tetra-azacyclotetradeca-1,8-diene which has R and S centres shows similar conformational characteristics (Allmann, 1974) . The diazaspirocyclotetradecan-7,14-ene molecules assemble in the crystal in linear arrays. Each ring is offset with the six membered rings from a neighbouring molecule aligned over the ring centre, Fig. 2 .
Experimental
To 2-(2",2"-dimethyl-1",3"-dioxolan-4"-yl)-4-methylene-1-(4'-azidobutyl)cyclohexane carbaldehyde (7.8 mg, 24 µmol) in toluene-d8 (0.6 ml) was added triphenylphosphine (6.3 mg, 24 µmol). The resulting mixture was stirred for 1 h at room temperature then warmed to 55 °C and stirred at this temperature for 17 h. After cooling to room temperature, the mixture was concentrated in vacuo. The crude imine was purified by column chromatography (20: 80 EtOAc-hexanes) to give the title compound (4.6 mg, 71%) as a white crystalline solid. Dilution in CH 2 Cl 2 /hexanes (1: 1, 2 ml) and slow evaporation of the solvent afforded white prisms. 3060, 2985, 2935, 1675, 1635, 1610, 1455, 1380, 1195, 1065, 895 [α] D 20 -25.5 (c 1/5, CH 2 Cl 2 ).
Refinement
In the absence of significant anomalous scattering, the absolute configuration could not be reliably determined from the X-ray analyses and then the Friedel pairs were merged and any references to the Flack parameter were removed.
Atoms were placed in calculated positions and a riding model (C-H = 0.93 or 0.97 Å), with U iso (H) = 1.2 or 1.5 times U eq (C) was used during refinement. Atomic displacement parameters (Å 2 )
0.0147 (8) 0.0156 (8) 0.0226 (9) −0.0016 (7) −0.0016 (7) −0.0012 (7) C4 0.0204 (9) 0.0150 (8) 0.0286 (10) −0.0041 (7) 0.0015 (7) −0.0036 (7) C3 0.0213 (10) 0.0216 (9) 0.0257 (10) −0.0065 (7) −0.0005 (8) −0.0081 (7) C2 0.0145 (8) 0.0245 (9) 0.0235 (9) −0.0059 (7) −0.0016 (7) −0.0066 (7) C1 0.0120 (8) 0.0160 (7) 0.0190 (8 (7) −0.0017 (7) −0.0029 (7) C18 0.0173 (9) 0.0176 (8) 0.0189 (8) −0.0023 (7) 0.0006 (7) −0.0022 (7) C17 0.0286 (10) 0.0175 (9) 0.0202 (9) −0.0065 (7) 0.0057 (8) −0.0050 (7) C16 0.0259 (10) 0.0197 (8) 0.0172 (8) −0.0076 (7) 0.0013 (7) −0.0048 (7) C14 0.0165 (9) 0.0162 (8) 0.0196 (8) −0.0024 (7) −0.0028 (7) −0.0044 (7) C13 0.0152 (9) 0.0155 (8) 0.0177 (8) −0.0030 (6) 0.0009 (7) −0.0049 (6) C12 0.0167 (8) 0.0153 (8) 0.0179 (8) −0.0023 (7) 0.0021 (7) −0.0036 (6) C11 0.0191 (9) 0.0166 (8) 0.0206 (8) −0.0039 (7) 0.0023 (7) −0.0046 (7) C10 0.0237 (9) 0.0220 (9) 0.0198 (8) −0.0078 (7) 0.0043 (7) −0.0075 (7) C9 0.0239 (9) 0.0202 (8) 0.0182 (8) −0.0075 (7) 0.0004 (7) −0.0064 (7) C7 0.0163 (9) 0.0141 (8) 0.0199 (8) −0.0021 (7) −0.0027 (7) −0.0020 (6) C24 0.0131 (8) 0.0202 (9) 0.0230 (9) −0.0020 (7) 0.0022 (7) −0.0052 (7) C23 0.0162 (9) 0.0232 (9) 0.0301 (10) −0.0050 (7) 0.0022 (8) −0.0068 (8) C22
0.0226 (10) 0.0216 (9) 0.0226 (9) −0.0061 (8) 0.0028 (7) −0.0087 (7) C21 0.0209 (9) 0.0147 (8) 0.0223 (9) −0.0023 (7) 0.0024 (7) −0.0046 (7) 
